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A prospective study of the prognostic significanceof the
signal-averaged electrocardiogram (ECG), left ventric-
ular function and 24 hour Holter ECG monitoring was
performed in 102 patients (age 63 ± 11 years) after
myocardial Infarction. The signal-averaged ECG (40 Hz
high pass bidirectional filtering) was obtained 10 ± 6
days after the acute myocardial infarction and all three
tests were performed within 72 hours of each other.
Ejection fraction was determined by radionuclide ven-
triculography. An abnormal signal-averaged ECG was
seen in 44% of patients; abnormal ejection fraction
«40%) in 52% and high grade ectopic activity (2:10
ventricular premature depolarizations/h or couplets, or
nonsustained ventricular tachycardia, or a combination
of these) in 62%.
During a 12 ± 6 month follow-up period, 15 patients
(14.7%) had an arrhythmic event defined as sustained
ventricular tachycardia or sudden cardiac death, or both.
The event rates were higher in patients with an abnormal
versus a normal signal-averaged ECG (29 versus 3.5%,
p = 0.003), an abnormal versus a normal ejection frac-
tion (24 versus 6%, p = 0.001) and the presence versus
the absence of high grade ectopic activity (23 versus 9%,
P = 0.09). Patients with an abnormal signai-averaged
Sustained ventricular tachycardia and ventricular fibrillation
are the harbingers of sudden cardiac death after a myocardial
infarction. To identify the patient at risk of a malignant
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ECG and an abnormal ejection fraction had a signifi-
cantly higher (p = 0.0007) event rate than did patients
in whom both the tests were normal (36 versus 0%; odds
ratio 30.1). Patients with an abnormal signal-averaged
ECG, abnormal ejection fraction and presence of high
grade ectopic activity had an event rate of 50%, whereas
there were no events in patients in whom all three tests
were normal (p = 0.01, odds ratio 19). When the step-
wise Cox survivorship analysis was used with regression
covariates, the ejection fraction, quantitative signal-av-
eraged variables and presence of nonsustained ventric-
ular tachycardia on 24 hour Holter monitoring had the
most significant relation to an arrhythmic event.
In conclusion: 1) The signal-averaged ECG defines a
high risk group of patients; however, the combination
of an abnormal signal-averaged ECG, abnormal ejection
fraction and the presence of high grade ectopic activity
identified the highest risk subset of patients for sustained
ventricular tachycardia or sudden death, or both, in the
first year after myocardial infarction. 2) This study pro-
vides a new noninvasive index for selecting for inter-
vention a high risk subset of patients after myocardial
infarction.
(J Am Coil CardioI1987;lO:349-57)
arrhythmic event, clinical indexes and noninvasive as well
as invasive tests such as predischarge Holter electrocardio-
graphic (ECG) monitoring, exercise testing, radionuclide
ventriculography and programmed electrical stimulation have
been utilized in recent years (1-8). More recently, the tech-
nique of high gain amplification and signal averaging (9)
has made it possible to detect low amplitude signals, also
referred to as late potentials, in patients with spontaneous
as well as induced ventricular tachycardia and survivors of
out of hospital cardiac arrest (10-15). These late potentials
identified by time domain analysis of the signal-averaged
ECG reflect the arrhythmogenic substrate characterized by
0735- 1097/87/$3.50
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delayed and inhomogenous propagation of conduction (16).
However, the role of quantitative signal-averaged ECG vari-
ables alone or in combination with other markers of ar-
rhythmogenesis in predicting future arrhythmic events in
patient s with myocardial infarction has not been well es-
tabli shed .
The purpo se of this study was to determine the prognostic
significance of quantitative signal-averaged variables , left
ventricular function and complexity of ventricular premature
depolarizations in identifying patients at risk of developing
ventricular tachycardia or sudden cardiac death, or both , in
the year after a myocardial infarction.
Methods
Study patients. Patients admitted to the coronary care
units of our institution with an acute myocardial infarction
were selected for study . The diagnosis of myocardial in-
farction was made on the basis of clinical , ECG and serum
creatine kinase , MB enzyme changes. Exclusion criteria
were: I) remote or old myocardial infarction; 2) bundle
branch block; 3) age > 78 years ; 5) the need for antiar-
rhythmic therapy during the signal averaging procedure and
24 hour Holter monitoring; 4) cardiogenic shock at the time
of signal averaging; 6) cancer; and 7) the possibility of
inadequate follow-up becau se of either distance or unreli-
ability .
From August 1984 to August 1986, a total of 150 patient s
with recent myocardial infarction were screened and 102
were enrolled in the study . The mean age of the 102 patient s
was 63 ± II years; 71 were male. Forty-eight (47%) had
an anterior wall myocardial infarction, 46 (45%) had an
inferior wall infarction and 8 (8%) had a non-Q wave in-
farction .
Data acquisition. Clinical variables were collected for
each patient , including the site of myocardial infarction,
serum creatine kinase, the use of antiarrhythmic or beta-
adrenergic blocking agents and subsequent coronary bypas s
surgery . The following three speci al tests were performed:
I) signal averaging of the surface QRS complex, 2) radio-
nuclide ventriculography , and 3) 24 hour Holter monitoring.
In 5 and 18 patients , respectively no information from radio-
nuclide ventriculography and 24 hour Holter monitoring was
available because the tests were not performed for logistic
or other reasons or were nonanalyzable for technical rea-
sons . Thu s, of 102 patients enrolled, all had signal averaging
of the surface QRS complex , 97 had radionuclide ventric-
ulography, 84 had 24 hour Holter monitoring and 82 had
all three tests .
Signal averaging of the surface QRS complex. No
patient was receiving antiarrhythmic therapy during the sig-
nal-averaging procedure. In those patients who had been
receiving antiarrhythmic agents, including lidocaine, these
agents were withheld for at least six half-lives before the
procedure . Seven silver/silver chloride electrodes were at-
tached after the skin was cleaned with alcohol , to con stitute
three orthogonal bipolar electrodes. The horizontal (X) elec-
trode s were positioned at the right and left midaxillary lines
at the fourth intercostal space , the vertical (Y) electrodes at
the suprasternal notch and V3 position and the sagittal (Z)
electrode s at the V2 position anteriorl y and the correspond-
ing position posteriorly. A ground electrode was positioned
on the eighth rib in the right midaxillary line. Signal av-
eraging was performed by using a high resolution ECG
(Arrhythmia Research Technology-IO I System) with bidi-
rectional Butterworth filtering . In all patients, approximately
200 beats were averaged. A vector magnitude was calculated
for each point of the averaged X, Y and Z waves as V =
VX2 + y 2 + Z2. All data were analyzed at filter fre-
quencies of 40 to 250 Hz (14) .
The following quantitative signal-averaged variables
(/2 )were computer-calculated and visually inspected: I) The
root-mean-square voltage (IJ-V) of the terminal 40 ms of the
signal-averaged vector complex; 2) the duration (ms) of the
low amplitude signals of < 40 IJ-V in the terminal 40 ms
of the QRS complex; and 3) the duration of the total signal-
averaged QRS vector complex. The root-mean-square volt-
age of the terminal 40 ms was taken as the index of late
potential s. For 40 Hz high pass filtering, the normal value s
for our laboratory are root -mean- square voltage of > 20 IJ-V,
low amplitude signal duration of :538 ms and the signal -
averaged QRS duration of :5114 ms. An abnormal signal-
averaged ECG was defined if one or more of those variables
were abnormal.
Radionuclide ventriculography. These studies were
obtained with a portable scintillation camera (Technicare
series 420 with a 520 microprocessor) with a general all-
purpose parallel hole collimator. The left ventricular ejec-
tion fraction was determined by a semiautomatic counts-
based method (QMICA, Technicare) using operator-deter-
mined end-diastolic and end-systolic volumes.
Twenty-four hour Holter monitoring. Dual-channel
Holter recordings were performed using a Marquette Elec-
tronics Inc . series 8000 Holter monitoring system. The Hol-
ter ECGs were analyzed by computer with manual overread
performed by an experienced nurse . The Holter readouts
were confirmed by the senior investigators . Twenty-four
hour Holter data were analyzed for the following ventricular
premature depolarization count s and characteristics: I ) none;
2) < IO/h; 3) 2:1O/h; 4) 2: 100/h; 5) couplets; and 6) non-
sustained ventricular tachycardia (that is, three or more ven-
tricular premature depolarizations in a row). Patients with
criteria 3 to 6 were considered as having high grade ven-
tricular ectopic activit y and those with criteria I and 2 were
considered as having no high grade ventricular ectopic ac-
tivity.
Signal-averaging studies were performed 10 ± 6 days
after the acute myocardial infarction and all three tests were
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performed within 72 hours of each other. The results of
signal averaging were not made known to the primary phy-
sicians taking care of the patient and did not in any way
influence therapeutic decisions, The use of antiarrhythmic
agents and beta-adrenergic blocking agents was left to the
discretion of the primary physician.
Follow-up. Patients had follow-up contact through their
private physician, clinic visits and by phone. In addition,
follow-up contact was established by a written questionnaire
mailed every 3 months. The questionnaire included written
information regarding history of palpitation, syncope, use
of antiarrhythmic or beta-adrenergic blocking agents, change
of medications, coronary bypass surgery, hospitalization
and so on. In the event of death, the patient's relatives were
interviewed regarding the nature of death. Information was
also obtained from the private physicians.
Definition of arrhythmic and nonarrhythmic events.
Sustained ventricular tachycardia was defined as a tachy-
cardia of 2:120 beats/min of ventricular origin lasting for
2:30 seconds or associated with hemodynamic compromise.
Sudden cardiac death was defined as instantaneous, unex-
pected death or death occurring within I hour of the onset
of symptoms. Nonsudden cardiac death was defined as death
due to circulatory failure.
For the purpose of calculation of survival statistics, the
occurrence of documented sustained ventricular tachycardia
and ventricular fibrillation or sudden cardiac death, or both,
was considered an arrhythmic event. Sustained ventricular
tachycardia or fibrillation occurring in the acute phase of
myocardial infarction (that is, the first 3 days) was not
included as an arrhythmic event for the purposes of this
study.
Statistical analysis. Data were analyzed by using the
Student's t test and chi-square analysis when appropriate.
The signal-averaged ECG and ejection fraction were cate-
gorized as normal or abnormal. An ejection fraction <40%
was considered abnormal. High grade ventricular ectopic
activity is a categorical variable that mayor may not be
present. Each variable was cross-categorized with the vari-
able event and a chi-square test was performed to test whether
the variable was independent of event. The odds ratio was
also calculated with the Yates correction for continuity when
necessary (17). Determination of long-term prognostic power
of quantitative signal-averaged variables, ejection fraction
(both treated as continuous variables, rather than a discrete
normal or abnormal variable) and complexity of ventricular
premature depolarizations for the occurrence of an ar-
rhythmic event were explored by performing a survival anal-
ysis with the variables as the regression covariates. This
analysis was based on the Cox proportional hazards regres-
sion model (18). The purpose of the full model was to predict
a patient's probability of having an event on the basis of
the values of the tests. A patient was eliminated from the
survival analysis when the first event occurred, whether or
not he or she actually died as a result of it. The survival
analysis with regression covariates allows the user to gen-
erate a survival curve for each combination of values of the
covariates. In each case the model fit is:
S(t;z) = [So(t)]exp ({3'z),
where S = nonparametric baseline survival function; t
the time since myocardial infarction; z = the covariate
vector (that is, the vector of the value of the variables); B
= the coefficient vector; and So(l) = the baseline survival
function corresponding to the survival at z = O. All data
are expressed as mean ± SD.
Results
Signal-averaged variables. Forty-five patients (44%)
had an abnormal signal-averaged ECG. Late potentials (that
is, root-mean-square voltage of the terminal 40 ms of <20
/.LV) were seen in 34 patients (33%); the duration of the low
amplitude signals were abnormally prolonged (>38 ms) in
31 patients (30%) and the duration of the signal-averaged
QRS vector complex was abnormally prolonged (> 114 ms)
in 24 patients (24%).
Ejection fraction. The ejection fraction in 97 patients
ranged from 12 to 63%; it was <40% in 50 patients (52%)
and 2:40% in 47 (48%).
Twenty-four hour Holter monitoring. Fifty-two (62%)
of the 84 patients had high grade ventricular ectopic activity
and the remaining 32 (38%) had no ventricular premature
depolarizations or < 10/h. Of the 52 patients with high-grade
ventricular ectopic activity, 30 (58%) had 2: 10 ventricular
premature depolarizations/h, 12 (23%) had 2:IOO/h; 39 (75%)
had couplets and 18 (35%) had nonsustained ventricular
tachycardia.
Relation among signal-averaged variables, ejection
fraction and high grade ventricularectopic activity. There
was no significant correlation between the root-mean-square
voltage of the terminal 40 ms and ejection fraction (r =
0.198). Similarly, there was no correlation between the
duration of the low amplitude signals and ejection fraction
(r = 0.063) and the duration of the signal-averaged QRS
complex and ejection fraction (r = 0.326).
Of the 84 patients who had both a signal-averaged ECG
and 24 hour Holter monitoring, 37 had an abnormal and 47
a normal signal-averaged ECG. Of the 37 patients with an
abnormal signal-averaged ECG, 23 (62%) had high grade
ventricular ectopic activity. However, of the 47 patients who
had a normal signal-averaged ECG, 29 (62%) had high grade
ventricular ectopic activity. Thus, a similar proportion of
patients with abnormal and normal signal-averaged ECGs
had high grade ventricular ectopic activity.
Each of the three tests was independent of the other
(signal-averaged ECG versus ejection fraction, p = 0.6;
high grade ectopic activity versus ejection fraction, p =
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Table 1. Clinical Features of 102 Patients With and Without an
Arrhythmic Event
Event Nonevent
No. of patients 15 87
Age (yr) 6 1 ± II 63 ± II
Sex
Male 12 (80%) 58 (68%)
Female 3 (20%) 28 (32%)
Site of myocardial infarction
Anterior wall 8 (53%) 38 (44%)
Inferior wall 6 (40%) 42 (48%)
Non-Q wave 1 (7%) 7 (8%)
Serum creatine kinase 1,74 1 ± 1,527 1,292 ± 1,346
Antiarrhythmic agents 1(7%) 22 (25%)
Beta-adrenergic blocking agents 3 (20%) 32 (37%)
Coronary bypass surgery 2 (13%) 12 (14%)
0 .2; and signal-averaged ECG versus high grade ectopic
activity, p = 0.99).
Arrhythmic events. All patient s were followed up for
a mean of 12 :t 6 months; 15 (14 .7%) of the 102 patients
had an arrhythmic event during the period of follo w-up . Of
these 15 patients, 7 had documented sustained ventricular
tachycardia, 3 had documented sustained ventricular tachy-
cardia degenerating into ventricular fibrillation and the re-
maining 5 had sudden card iac death . The 15 arrhythmic
events occurred 43 :t 54 days after the acute infarction.
Th e overall cardiac mortality rate was 6% over the period
of follow- up.
The clinica l feature s , signal-averaged variables, ejection
fraction, incidence of high-grad e ventricular ectopic activity
and other variables in patients who had an event and in those
who did not are presented in Table s I and 2, There was no
significant difference in age, sex, site of myocardial in-
farction and the use of beta-adrenergic blocking agents be-
tween patient s who had an event and those who did not.
The mean peak creatine kina se level was higher in patients
with an eve nt than in patients without an event, but this
difference was not statistically significant. A greater pro-
portion of patients (25%) without an eve nt were receiving
antiarrhythmic therapy , in comparison with those with an
event (7%) (before the occurrence of the event ) , but this
difference did not reach statistical significance . Quantitat ive
signal-averaged variables were significantly different be-
tween the two groups of patient s (Table 2). The root-mean-
square voltage in the terminal 40 ms was significantly lower
(p < 0.005 ) and the duration of low amplitude signals as
well as the duration of the signal-ave rage d QRS vector com-
plex was longer (p < 0.001 ) in patients with an eve nt than
in those without an event. Sim ilarly , the ejection frac tion
was also significantly lower (28 :t 12 versus 40 :t 13%,
P < 0,001) in patients with an eve nt. A greater prop ortion
of patients (80%) with an event had high grade ventricular
ectopic activity in comparison with those without (60 %),
but this difference was not of statistical significance .
Relation among the signal-averaged ECG, ejection
fraction, Holter monitoring and arrhythmic event (Table
3). Patients with an abnormal signal-ave rage d ECG had a
significantly higher event rate (29%) than did those with a
normal test (3 .5%). Simil arly , pat ients with an abnormal
ejection fraction had a significantly higher event rate (24%)
than did those with a normal value (6%) . Although 23% of
patients with an abnormal Holter record ing (characterized
by the presence of high grade ventricular ectopic activity)
had an event , 9% of patients with a norm al Holter recording
had an event; this differen ce did not reach statistical sig-
nificance (p = 0.11 ). The signal-averaged ECG had a sen-
sitivity of 87%, whereas the sensitivi ty for both eject ion
fractio n and Holter monitoring was 80%. Likewi se , the
specifici ty of the signal-ave raged ECG was highe r (63%) in
comparison with that of the ejection fraction (54%) and
Holter monitoring (42%). The combination of any two ab-
normal tests was associated with a higher event rate (35 to
37%) than was a single abnormal test. In contrast, the event
rate was lower (0 to 6%) if any combination of the two tests
was normal. The combination of an abnormal signal-aver-
aged ECG and ejection fraction had the highest odds ratio
of 30. 1. The combination of any two abnormal tests pro-
vided a very high sensitivity (9 1 to 100%); however , the
specificities were lower (44 to 59%) . The combination of
Table 2. Signal-Averaged ECG Variables, Radionuclide Ventriculography and Holter Findings
in Patients With and Without an Arrhythmic Event
Event Nonevent p Value
Signal-averaged ECG
RMS-40 (J.LV) 17 :t 16 42 :t 33 < 0.005
LAS (rns) 53 :t 23 31 ± 13 < 0.00 1
SA-QRS duration (ms) 127 ± 28 101 ± 17 < 0.00 1
Radionuclide ventriculography
Ejection fraction 28 ± 12% 40 ± 13% < 0.00 1
24 Hour Holter monitor ing
High grade ectopic activity 12/15 (80% 40/69 (60%) NS
ECG = electrocardiogram; LAS = low amplitude signals; RMS-40 = root-mean-squ are voltage of the
terminal 40 ms; SA-QRS = signal-averaged QRS complex.
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Table 3. Relation Among the Signal-Averaged ECG, Ejection Fraction, Holter Monitoring and
Arrhythmic Events
Odds
Normal (%) Abnormal (%) p Value Ratio
SA-ECG 2/57 (35) 13/45 (29) 0.003 II
EF 3/47 (6) 12/50 (24) 0.01 4.6
Holter 3/32 (9) 12/52 (23) 0.09 2.9
SA-ECG + EF 0/26 (0) 10/28 (36) o.oooz 30.1
SA-ECG + Holter O!l4 (0) 9/26 (35) 0.01 15.7
EF + Holter 1116(6) 11/30 (37) 0.025 8.68
SA-ECG + EF + Holter 0/9 (0) 8/16 (50) 0.01 19
ECG = electrocardiogram; EF = ejection fraction; SA-ECG = signal-averaged electrocardiogram.
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the signal-averaged ECG and ejection fraction provided the
highest specificity (59%) compared with that of the signal-
averaged ECG and Holter monitoring (45%) and ejection
fraction and Holter monitoring (44%). The combination of
an abnormal signal-averaged ECG, an abnormal ejection
fraction and high grade ectopic activity was associated with
the highest event rate of 50% (odds ratio = 19). In contrast,
there were no events in patients in whom all three tests were
normal. The combination of these three noninvasive tests
had a very high sensitivity of 100%but a specificityof only
53%. Examples of the signal-averaged vector complex of
individual patients without and with an event are shown in
Figures I to 3.
We also compared the event rates in patients with only
one abnormal test. The event rate in these patients was lower
than if two or more tests were abnormal, as described pre-
viously. Thus, patients with an abnormal signal-averaged
ECG but a normal ejection fraction or absence of high grade
ectopic activity had an event rate of 14 and 20%. respec-
tively. Patients with an abnormal ejection fraction and a
normal signal-averaged ECG or absence of high grade ec-
topic activity had an event rate of 10 and 16%, respectively,
whereas patients with high grade ectopic activity and a nor-
mal ejection fraction or normal signal-averaged ECG had
an event rate of 12 and 5%, respectively.
When the stepwise Cox survivorship analysis was used
with regression covariates, the ejection fraction, signal-
averaged quantitative variables and the occurrence of non-
sustained ventricular tachycardia (that is, three or more ven-
tricular premature depolarizations in a row) had the most
significant relation to an arrhythmic event. The probability
(p) value for the chi-square test for all of the covariates
being identically zero was <0.001. The other findings of
24 hour Holter monitoring, dichotomized at < 10 ventricular
premature depolarizations/h, ~ 10lh and ~ 100lh and cou-
plets, had a weaker association with an arrhythmic event.
Figure 1. Signal-averaged electrocardiogram of a pa-
tient with myocardial infarction and without a subse-
quent arrhythmic event. Quantitative signal-averaged
variables reveal a normal duration of the signal-aver-
aged QRS complex (97 ms), normal duration of low
amplitude signals (6 ms) and a normal root-mean-square
(RMS) voltage of the terminal 40 ms (95 J.LV). The
patient had an abnormal ejection fraction (EF) of 29%
and thepresence ofhigh grade ectopic activity (HGE +).
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Figure 2. Signal-averaged electrocardiogram of a pa-
tient with an anterior wall myocardial infarction and
documented sustained ventricular tachycardia during
follow-up. Quantitative signal-averaged variables re-
veal an abnormal duration of the signal-averaged QRS
complex (132 ms), abnormal duration of lowamplitude
signal of <40 JL V (57 ms) (shaded area) and an ab-
normal root-mean-square (RMS) voltage of the ter-
minal40 ms(4 JLV) . The patient alsohadan abnormal
ejection fraction (EF) of 14% andthe presence of high
grade ectopic activity (HGE+).
Discussion
The signal-averaged ECG. Signal averaging of the sur-
face QRS complex has been utilized in recent years to detect
low amplitude, high frequency signals in the terminal por-
tion of the QRS complex or in the early ST segment. These
low amplitude, high frequency signals, also referred to as
late potentials, have been detected in a high proportion of
patients with spontaneous as well as induced sustained ven-
tricular tachycardia (10-15). In addition. other quantitative
signal-averaged variables such as an abnormal duration of
low amplitude signals of < 40 JLV and abnormal duration
of the signal-averaged QRS vector complex have been re-
ported in a high proportion of patients with sustained ven-
tricular tachycardia in the setting of an old myocardial in-
farction or coronary artery disease, or both (12,14,15).
Kanovsky et al. (19) have shown that these quantitative
signal-averaged variables are independent of those from car-
diac catheterization and 24 hour Holter recordings in patients
with sustained ventricular tachycardia (19). Late potentials
seen in patients with ventricular tachycardia have been cor-
related with fragmented electrograms recorded from the ep-
icardium and endocardium in the canine model and in hu-
mans (9,16). The observation of a good correlation between
signal averaging of endocavitary and epicardial electrograms
and signal averaging of the surface QRS complex further
validates the technique of surface averaging to detect late
potentials in humans (20).
Abnormal signal-averaged ECG as a marker for ar-
rhythmic events. Although late potentials have been re-
ported in patients with ventricular tachycardia, the inde-
pendent role of quantitative signal-averaged variables alone
or in combination with other well known markers of ar-
rhythmogenesis in predicting future arrhythmic events in
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Figure 3. Signal-averaged electrocardiogram of a pa-
tient with an inferior myocardial infarction and docu-
mented ventricular fibrillation during follow-up. Quan-
titative signal-averaged variables reveal a normal duration
of the signal-averaged QRS complex (113 ms) but an
abnormal duration of low amplitude signal of <40 JL V
(42 ms) (shaded area) and an abnormal root-mean-
square (RMS) voltage of the terminal 40 ms (14 JLV).
The patient had an ejection fraction (EF) of 41 % and
the presence of high grade ectopic activity (HOE+).
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postinfarction patients has yet to be established. We pre-
viously reported (21) that quantitative signal-averaged vari-
ables are independent of the site and size of the myocardial
infarct. In addition, we also demonstrated (22) a lack of
correlation between quantitative signal-averaged variables
and ejection fraction and wall motion abnormalities in post-
infarction patients. Furthermore, we noted (21) abnormal
quantitative signal-averaged variables in a significantly higher
proportion of patients with ventricular tachycardia or fi-
brillation in the acute and subacute phase of myocardial
infarction. Kanovsky et al. (19) in a retrospective study of
174 patients after myocardial infarction, 98 of whom were
referred for recurrent sustained ventricular tachycardia, found
by multivariate logistic regression analysis that only three
variables were independently significant. These variables
included a positive signal-averaged ECG, peak number of
premature ventricular depolarizations > 100lh and presence
of left ventricular aneurysm. In a previous prospective study
(23) of 212 patients after myocardial infarction (::;6 weeks),
patients with late potentials of 2:40 ms had a significantly
higher incidence of sustained ventricular tachycardia in
comparison with patients without late potentials or late po-
tentials of <40 ms in duration for a follow-up period of 18
± 13 months. However, in addition to visually identifying
late potentials, the investigators did not assess the indepen-
dent role of late potentials relative to other markers of ar-
rhythmogenesis. More recently, Deniss et al. (24) assessed
the prognostic significance of late potentials detected vis-
ually on the signal-averaged ECG in 306 patients after acute
myocardial infarction. They noted that the probability of
remaining free of cardiac death or nonfatal ventricular tachy-
cardia or fibrillation was lower for patients with late poten-
tials than for patients without late potentials. They also noted
a significant correlation between the presence of late po-
tentials and the ability to induce ventricular tachycardia in
the laboratory.
Present study: prognostic significance of the combined
noninvasive index, The results of this study suggest the
following: I) the signal-averaged ECG is an independent
predictor of an arrhythmic event in the first year after an
acute myocardial infarction. 2) Of the variables tested uti-
lizing a stepwise Cox survivorship analysis with regression
covariates, ejection fraction, quantitative signal-averaged
variables and the presence of nonsustained ventricular tachy-
cardia have the strongest association with an arrhythmic
event. In contrast, the frequency of ventricular premature
depolarizations and couplets on Holter monitoring have a
weaker association with an arrhythmic event. 3) The com-
bination of an abnormal signal-averaged ECG, abnormal
ejection fraction and high grade ectopic activity on 24 hour
Holter recordings provided a noninvasive index with the
highest event rate. Thus, whereas 50% of the patients with
a positive index had an event, no patients with a negative
index had one.
These observations are of considerable clinical and prac-
tical importance and support the concept that late potentials
reflect slow and heterogenous propagation of conduction in
the infarct or periinfarct zone, or both, providing the sub-
strate for reentrant arrhythmias. Wall motion abnormalities
resulting in left ventricular dysfunction mayor may not be
the source of conduction delay. The latter is more likely
related to the anatomic and electrophysiologic characteris-
tics of the infarcted myocardium or the peri infarct zone, or
both. This reasoning is supported by our findings in this
study of a lack of correlation between any of the quantitative
signal-averaged variables and ejection fraction. However,
it is possible that in some patients, severe left ventricular
dysfunction could interact with the arrhythmogenic substrate
to perpetuate or facilitate the occurrence of a sustained ven-
tricular arrhythmia. The observations made in this study
support this reasoning, because patients with the combi-
nation of left ventricular dysfunction and late potentials had
a high event rate of 36%, whereas patients without this
combination had no events. Furthermore, patients with left
ventricular dysfunction alone and absence of late potentials
had an event rate of only 10%. These findings suggest that
an abnormal ejection fraction alone is not associated with
a high event rate. Thus, a substantial number of patients
with left ventricular dysfunction are at no greater risk of an
arrhythmic event than are patients with normal left ventric-
ular function. These patients are characterized by the ab-
sence of late potentials or high grade ectopic activity, or
both.
Comparison with previous studies. The significance
of the presence of high grade ectopic activity on a predis-
charge Holter recording in the postinfarction patient has
been of considerable controversy. Some previous studies
(25-28) suggested that the presence of high grade ectopic
activity is a reflection of the severity of left ventricular
dysfunction and is not an independent risk factor for sudden
cardiac death. However. more recent prospective multicen-
ter studies (3,4) in a large number of patients have dem-
onstrated the contrary. The results of our study suggest that
the presence of ventricular ectopic activity is independent
of the signal-averaged ECG and ejection fraction; however,
it has a weaker association with an arrhythmic event. The
presence of runs of nonsustained ventricular tachycardia has
a strong association with an arrhythmic event. In the ma-
jority of instances, runs of nonsustained ventricular tachy-
cardia consist only of triplets. The above observations may
be related to the fact that in a large number of patients, the
genesis of the ventricular premature depolarization may be
other than reentry, such as triggered or abnormal automa-
ticity. Thus, the prognostic significance of the ventricular
premature depolarization may be dependent on its mecha-
nism rather than on its mere presence. Furthermore, the
occurrence of high grade ectopic activity in the setting of a
large zone of conduction delay may carry a different prog-
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nostic significance, because it may serve as the trigger for
the induction of sustained ventricular arrhythmias (19). Our
findings support this concept because the event rate in pa-
tients with high grade ectopic activity in the absence of late
potentials was only 5%, whereas it was substantially higher
(37%) in patients with high grade ectopic activity and late
potentials.
Limitations of the study. 1) This was an uncontrolled
study; thus it is possible that the use of antiarrhythmic and
beta-adrenergic blocking agents could have influenced the
arrhythmic event rate. A higher proportion of patients with-
out than with an arrhythmic event were receiving an anti-
arrhythmic or beta-adrenergic blocking agent; however, this
difference did not reach statistical significance. This infor-
mation should be interpreted with extreme caution, because
neither the type of agent nor the dosages used were con-
trolled in this study. Furthermore, the purpose of this study
was not to address this issue.
2) None of the patients had sequential signal averaging
and sequential 24 hour Holter recordings or radionuclide
ventriculography. The dynamic nature of myocardial in-
farction and the healing process with scar contracture and
remodeling (29) could theoretically influence the results of
these tests and consequently could influence the long-term
prognostic significance of the tests.
Clinical implications. There are several important clin-
ical implications that can be drawn from this study: I) Signal
averaging of the surface QRS complex in the time-domain
mode is a valuable noninvasive test in the evaluation of the
post infarction patient. 2) Relative to the signal-averaged
EeG and ejection fraction, the frequency of ventricular ec-
topic activity and the presence of couplets has a weaker
association with an arrhythmic event. These findings should
be taken into account in designing future prospective studies
on the role of antiarrhythmic agents in the postinfarction
patient. 3) Because most arrhythmic events occurred ::0;3
months after the acute infarction, patients with two or three
abnormal tests should be selected for longer postcoronary
unit monitoring. An alternative method for such patients
may be out-of-hospital transtelephonic monitoring for a 3
month period. 4) This study provides a new noninvasive
index for selecting a high risk subset of patients after in-
farction. Because patients with a combination of two or
three abnormal tests have a high event rate, they are ideally
suited for future studies of the role of other interventions,
including programmed electrical stimulation, antiarrhyth-
mic therapy and antitachycardia devices.
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